Sir, Today, when most clinically relevant bacteria are displaying increasing antibiotic resistance, discovery of novel and costefficient antimicrobial compounds is increasingly critical. Vibrio cholerae is a Gram-negative bacterium that is the causative agent for the severe diarrhoeal disease cholera, which still remains a global killer mainly in the developing countries. 1 In addition to causing significant mortality, V. cholerae also causes high rates of morbidity, which imposes a severe social and economic burden on affected communities that are often already lacking in medical and economic resources.
Red bayberry (Myrica rubra) is a small to medium-sized tree growing in East and Southeast Asia. The plant is used in Chinese traditional medicine for treatment of cholera and other diarrhoeal diseases. 2 To investigate the biochemical mechanism behind this activity, we extracted compounds from bayberry fruits using 50% ethanol, followed by drying with a rotary evaporator. The pellet was then resuspended in water for a final concentration of 1 g of fruit extract/mL, and the pH of the mixture was adjusted to 7.0. We then added various amount of this bayberry extract to the mid-log cultures of a V. cholerae El Tor strain and incubated these cultures for 2 h. The number of surviving bacteria was determined by plating on LB plates. High concentrations of the extract killed V. cholerae completely, while low concentrations inhibited bacterial growth, MIC of 125 g/L (data not shown and Figure 1a ). We then assayed for the production of two major virulence determinants, that of the toxin-coregulated pilus (TCP) by western blot and of cholera toxin (CT) production by ELISA, in the presence of non-inhibitory concentrations of the bayberry extract. TCP is thought to play a role in early attachment of vibrios to the intestinal epithelium and is required for intestinal colonization in an infant mouse model of cholera, as well as for cholera in humans. 3 Figure 1 (b) shows that 10 mg/mL bayberry extract reduced both TcpA and CT production, while higher concentrations of extract completely inhibited virulence factor production. The inhibition of virulence gene expression at low concentrations and the bactericidal effect at high concentrations led us to test whether the bayberry extract can reduce V. cholerae colonization in an infant mouse model. Normally,~10 6 V. cholerae could be recovered from one mouse intestine 24 h post-infection. When 100 mg of bayberry extract was co-inoculated with bacteria, the number of colonized bacteria was significantly reduced (Figure 1c , left-hand panel). We also examined whether the extract could reduce infection if administered after colonization had already been established in the infant mouse. We found that delayed administration of extracts 12 h after inoculation with V. cholerae still reduced the recovery of V. cholerae by over 1000-fold relative to bacteria recovered from untreated V. cholerae-inoculated infant mice (Figure 1c, right-hand panel) . These data suggest that the bayberry extract could have utility even after the establishment of V. cholerae in the gut.
In this study, we investigated the molecular mechanism behind bayberry treatment of cholera described in ancient Chinese medicine. We found that an extract derived from a simple and rapid extraction of bayberry fruits could repress V. cholerae virulence gene expression at low concentrations and inhibit V. cholerae growth at high concentrations. Intriguingly, this bayberry extract did not inhibit or kill many non-pathogenic bacteria tested, including Escherichia coli and Bacillus subtilis (data not shown). The narrow-spectrum bactericidal activity of the bayberry extract may thus preserve normal intestinal flora during treatment. Thus far, there has been little success in finding cheap and effective treatments for poverty-associated infectious diseases like cholera. For example, although Hung et al. 4 reported a compound that can specifically inhibit V. cholerae virulence gene expression in vitro and in vivo, such compounds must be artificially synthesized. Further study is necessary to reveal the exact nature of bayberry extract inhibition of V. cholerae infection, but consumption of bayberry fruits or fruit extracts may prove to be a cheap alternative therapy for cholera in many developing countries.
